
$EVWUDFW
7KH� GHWHFWLRQ� RI� FRPSOH[� HYHQWV� LQ� ROG�
IDVKLRQHG� OHJDF\� LQIRUPDWLRQ� V\VWHPV� LV� D� SUH�
UHTXLVLWH� IRU� WKHLU� LQWHJUDWLRQ� LQWR�PRGHUQ� LQWHO�
OLJHQW� ZRUNIORZ� HQYLURQPHQWV�� :H� SUHVHQW� DQ
DSSURDFK� WKDW� IDFLOLWDWHV� WKH� HPEHGGLQJ� RI� VXFK
OHJDF\�V\VWHPV��VLQFH�LW�IUHHV�WKH�GHYHORSHU�IURP
H[SOLFLWO\� GHILQLQJ� WKH� HYHQWV� WKDW� WULJJHU� QRWLIL�
FDWLRQV��)RU�WKLV�SXUSRVH��ZH�FRPELQH�DFWLYH�GD�
WDEDVH�WHFKQRORJ\�ZLWK�OHDUQLQJ�PHFKDQLVPV�

� ,QWURGXFWLRQ
,Q� RUGHU� WR� SUHVHUYH� WKHLU� FRPSHWLWLYHQHVV� LQ� WRGD\V

FRQVWDQWO\� HYROYLQJ� PDUNHWV� FRPSDQLHV� QHHG� LQWHJUDWHG
V\VWHPV�VXSSRUWLQJ�FRRSHUDWLRQ�ZLWKLQ� IOH[LEOH�� VHDPOHVV
EXVLQHVV� SURFHVVHV�� +RZHYHU�� EXVLQHVV� SURFHVVHV� VSDQ�
QLQJ�PDQ\�IXQFWLRQDO�GHSDUWPHQWV�XVXDOO\� LQYROYH�PXOWL�
SOH� LVRODWHG� OHJDF\� LQIRUPDWLRQ� V\VWHPV��ZKLFK� RIWHQ� UH�
VLVW� WKH� LQWHJUDWLRQ� LQWR� FRPPRQ�ZRUNIORZ�PDQDJHPHQW
HQYLURQPHQWV�WR�D�ODUJH�H[WHQW��,Q�SDUWLFXODU��WKHLU�GHVLJQ
KDV�W\SLFDOO\�QRW�EHHQ�GHYHORSHG�VXFK�WKDW�PRGHUQ�IDFLOL�
WLHV� ZRXOG� H[LVW� WKDW� SHUPLW� RXWVLGH� DFFHVV� LQWR� WKH� V\V�
WHP��:KLOH�WKLV�VLWXDWLRQ�SURYLGHV�D�PDMRU�REVWDFOH�WR�WKH
LPSOHPHQWDWLRQ� RI� DQ\� FRPPRQ� ZRUNIORZ� PDQDJHPHQW
V\VWHP��LW�PXVW�EH�RI�VSHFLDO�FRQFHUQ�WR�DGDSWLYH�� LQWHOOL�
JHQW�ZRUNIORZ� DSSURDFKHV� WKDW� UHTXLUH�PRUH� JHQHULF� DF�
FHVV� PHFKDQLVPV� WR� WKH� LQGLYLGXDO� V\VWHP� FRPSRQHQWV�
1HYHUWKHOHVV��WKH�VKHHU�DPRXQW�RI�EXVLQHVV�ORJLF�LQWULQVLF
LQ� VXFK� LVRODWHG� LQIRUPDWLRQ� V\VWHPV� PDNHV� WKHP� YHU\
YDOXDEOH� FRPSDQ\� DVVHWV��ZKLFK� FDQQRW� EH� DSSURSULDWHO\
PRGLILHG�RU�UHSODFHG�LQ�D�VKRUW�SHULRG�RI�WLPH�RU�DW�D�ORZ
EXGJHW�
,Q�WKLV�SDSHU��ZH�SURSRVH�D�VROXWLRQ�IRU�RQH�SDUW�RI�WKLV

LQWHJUDWLRQ� SUREOHP�� QDPHO\� WKH� QRWLILFDWLRQ� SUREOHP�
7KLV� QRWLILFDWLRQ� SUREOHP� LV� GHSLFWHG� LQ� )LJXUH� ��� :H
DVVXPH� D�PRQROLWKLF� LQIRUPDWLRQ� V\VWHP�ZLWK� DQ� XQGHU�
O\LQJ�GDWDEDVH��7KH�SUREOHP�LV�WR�GHWHFW�FRPSOH[�HYHQWV�
L�H�� HYHQWV� DW� WKH� OHYHO� RI� EXVLQHVV� RSHUDWLRQV�� WKDW� DUH
UHOHYDQW�WR�D�SDUWLFXODU�XVHU�RU� WKDW�VKRXOG�WULJJHU�D� WUDQ�
VLWLRQ� LQ� D� FRUUHVSRQGLQJ� ZRUNIORZ�� *LYHQ� WKDW� WKH� PD�
QLSXODWLRQ�RI��SRVVLEO\�XQGRFXPHQWHG�� FRGH� LQ� WKH� LQIRU�
PDWLRQ�V\VWHP�LV� WRR�FXPEHUVRPH��PD\EH� WRR�H[SHQVLYH�
DQG� ODFNV� VXIILFLHQW� IOH[LELOLW\� DV� LW� LV� GHYHORSHG� RYHU� D

ORQJHU� SHULRG� RI� WLPH�� WKH� SUREOHP� WKHQ� LV� WR� GHILQH� D
PHFKDQLVP� WKDW� SURYLGHV� WKH� QRWLILFDWLRQV� IRU� UHOHYDQW
HYHQWV�
2XU� DSSURDFK� EXLOGV� RQ� WKH� IDFW� WKDW� DSSOLFDWLRQ� FRGH

DQG� GDWDEDVH� WHFKQRORJ\� DUH� XVXDOO\� FOHDUO\� VHSDUDWHG�
H�J�� E\� D� 64/� LQWHUIDFH�� 7KXV�� ZH� PD\� EXLOG� RQ� DFWLYH
GDWDEDVH� WHFKQRORJ\� IRU� DFFHVVLQJ� WKH� GDWDEDVH� RSHUD�
WLRQV�IURP�WKH�RXWVLGH��+RZHYHU��DFWLYH�GDWDEDVHV�GR�QRW
TXLWH�VROYH�RXU�SUREOHP��\HW��EHFDXVH�GDWDEDVH�HYHQWV�DUH
RQ�D�OHYHO�RI�GHVFULSWLRQ��H�J��64/�RSHUDWLRQV��WKDW�LV�WRR
XQZLHOG\� IRU� VSHFLI\LQJ�QRWLILFDWLRQ� WULJJHUV��<HW�ZRUVH�
FRUUHVSRQGLQJ�WULJJHU�SURJUDPV�WKDW�DFKLHYH�DQ�DSSURSUL�
DWH�OHYHO�RI�DEVWUDFWLRQ�PD\�EHFRPH�VR�FRPSOH[�WKDW�LW�LV
QRW�FRQFHLYDEOH�WKH\�FRXOG�EH�ZULWWHQ�E\�KDQG�>6WDXGW�	
-DUNH������@�

,Q�RUGHU�WR�RYHUFRPH�WKLV�GLIILFXOW\�ZH�SURSRVH�WR�FRP�
ELQH�DFWLYH�GDWDEDVH�WHFKQRORJ\�WKDW�RIIHUV�REVHUYDWLRQ�DW
D�IDLUO\�ORZ�OHYHO�RI�RSHUDWLRQV�ZLWK�OHDUQLQJ�PHFKDQLVPV
WKDW�DFKLHYH�WKH�DEVWUDFWLRQ�QHFHVVDU\�IRU�ZRUNIORZ�PDQ�
DJHPHQW� V\VWHPV�� WKXV� VROYLQJ� WKH� QRWLILFDWLRQ� SUREOHP
VNHWFKHG�DERYH�
,Q�WKH�IROORZLQJ��ZH�ILUVW�FRQVLGHU�D�VPDOO�H[DPSOH�DS�

SOLFDWLRQ�WKDW�VKRZV�ZKHUH�RXU�UHVXOW�PD\�EULQJ�LPPHGL�
DWH� EHQHILWV� ZKLOH� OHDYLQJ� WKH� LPSOHPHQWDWLRQ� RI� WKH
JLYHQ� LQIRUPDWLRQ� V\VWHP� XQWRXFKHG� ±� DQ� DGGLWLRQDO
EHQHILW� ZKHQ� QRWLILFDWLRQV� DUH� WR� EH� WULJJHUHG� IURP� WKH

7RZDUGV�/HDUQLQJ�1RWLILFDWLRQ�7ULJJHUV
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REVHUYDWLRQ� RI� PLVVLRQ�FULWLFDO� DSSOLFDWLRQV�� 7KHQ�� ZH
JLYH�DQ�RYHUYLHZ�RI�RXU�DUFKLWHFWXUH�IRU�OHDUQLQJ�FRPSOH[
HYHQWV�DQG�GHWHFWLQJ�WKHLU�RFFXUUHQFH�LQ�WKH�UXQQLQJ�V\V�
WHP�� 6XEVHTXHQWO\�� ZH� FRQVLGHU� WZR� SKDVHV�� YL]� WKH
OHDUQLQJ� SKDVH� �FI�� 6HFWLRQ� ��� DQG� WKH� H[HFXWLRQ� SKDVH
�FI��6HFWLRQ����

��([DPSOH�$SSOLFDWLRQ
2OG� OHJDF\� LQIRUPDWLRQ� V\VWHPV� WKDW� DUH� QRW� LQWHJUDWHG

LQWR�WKH�ZRUNIORZ�HDVLO\�OHDG�WR�LQFRQVLVWHQFLHV�UHJDUGLQJ
GDWD� VWRUHG� LQ� GLIIHUHQW� LQIRUPDWLRQ� V\VWHPV� DQG� XQ�
ZDQWHG� FRQVHTXHQFHV� DULVLQJ� IURP� QHJOLJHQFH� RI� DYDLO�
DEOH�GDWD�
$�FRPPRQ�UHVXOW�GHULYHG�IURP�VXFK�ODFN�RI�LQWHJUDWLRQ

KDSSHQV� DV� IROORZV��� <RX� UHFHLYH� D� OHWWHU� IURP� \RXU� LQ�
VXUDQFH� FRPSDQ\��7KH\� RIIHU� LQIRUPDWLRQ� EURFKXUHV� DQG
HQFORVH�D�UHSO\�SRVWFDUG�ZLWK�\RXU�DGGUHVV�DOUHDG\�ILOOHG
LQ�FRUUHFWO\��7KHQ��\RX�XVH�WKLV�SRVWFDUG�WR�RUGHU�WKH�EUR�
FKXUHV� �� DQG� \RXU� IRUPHU� ODQGORUG� UHFHLYHV� WKH� LQIRUPD�
WLRQ� SDFNDJH�� EHFDXVH� D� UHFHQW� FKDQJH� RI� \RXU� DGGUHVV
KDV� QRW� EHHQ� SURSDJDWHG� WR� WKH� LQIRUPDWLRQ� V\VWHP� IRU
GLVWULEXWLRQ�RI�LQIRUPDWLRQ�SDFNDJHV�
7KLV� VLWXDWLRQ�PLJKW� EH� DYRLGHG�ZKHQ� DGGUHVV� PRGLIL�

FDWLRQV� LQ� OHJDF\� LQIRUPWLRQ� V\VWHPV� WULJJHU� FRUUHVSRQG�
LQJ�QRWLILFDWLRQV�WR�RWKHU�LQIRUPDWLRQ�V\VWHPV��$�VROXWLRQ
IRU�VXFK�D�WULJJHULQJ�PHFKDQLVP�LV�ZKDW�ZH�DLP�DW�

��6ROYLQJ�WKH�1RWLILFDWLRQ�3UREOHP
2XU�VROXWLRQ�IRU� WKH�QRWLILFDWLRQ�RI�EXVLQHVV�RSHUDWLRQV

LQ�DQ�LQIRUPDWLRQ�V\VWHP�LV�EDVHG�RQ�WKH�IROORZLQJ�REVHU�
YDWLRQ��:KLOH�PDQ\� LQIRUPDWLRQ� V\VWHPV� �� HVSHFLDOO\� WKH
ROGHU� RQHV� �� DUH� UDWKHU�PRQROLWKLF� DQG� WKHLU� LQWULQVLF� LQ�
IRUPDWLRQ�IORZV�DUH�KDUG�WR�PRQLWRU��WKH�EDVLF�RSHUDWLRQV
LQ� WKHLU� DVVRFLDWHG� GDWDEDVH� V\VWHPV� FDQ� EH� HDVLO\� UHJLV�
WHUHG� �� HLWKHU� E\� ZD\� RI� OLVWHQLQJ� DW� WKH� LQWHUIDFH� RU� E\
UHSRUWLQJ�PHWKRGV�FRPPRQO\�VXSSRUWHG� LQ�FXUUHQW�DFWLYH
������������������������������������������������

��7KLV�VFHQDULR�MXVW�KDSSHQHG�WR�RQH�RI�WKH�DXWKRUV�

GDWDEDVH�V\VWHPV�� L�H�� WULJJHUV�RQ�GDWDEDVH� WDEOHV� >(LVHQ�
EHUJ�	�0HOWRQ������@�
)LJXUH� �� VXPPDUL]HV� WKH� RYHUDOO� GHVLJQ� RI� RXU� DS�

SURDFK��$�EXVLQHVV�RSHUDWLRQ�FDUULHG�RXW�RQ�WKH�LQIRUPD�
WLRQ� V\VWHP� DIIHFWV� WKH� GDWD� LQ� LWV� XQGHUO\LQJ� GDWDEDVH
V\VWHP� �DUURZ� ���� 7KH� GDWDEDVH� HYHQWV� DUH� UHSRUWHG� E\
WULJJHUV� RQ� WKH� GDWDEDVH� WDEOHV� �DUURZ� ���� 7KHVH� UHSRUWV
DUH� XVHG� E\� D� SURGXFWLRQ� V\VWHP� LQ� RUGHU� WR� GHWHFW� UHOH�
YDQW� EXVLQHVV� RSHUDWLRQV� �DUURZ� ���� 7KHVH� EXVLQHVV� RS�
HUDWLRQV� FDQ� HLWKHU� LQLWLWDWH� D�ZRUNIORZ� WUDQVLWLRQ� �DUURZ
���RU� WKH\�FDQ� WULJJHU�D�QRWLILFDWLRQ� WR�DQRWKHU�FRQVXPHU
�DUURZ����
,W� ZRXOG� EH� UDWKHU� WLPH� FRQVXPLQJ� RU� HUURU�SURQH� IRU� D
KXPDQ� SURJUDPPHU� WR� PDQXDOO\� FRGH� WKH� DXWRPDWLF� UH�
FRYHU\�RI�EXVLQHVV�HYHQWV��7KHUHIRUH��RXU�GHVLJQ�LQFRUSR�
UDWHV�D� OHDUQLQJ�SURFHVV� �FI��6HFWLRQ����GXULQJ�ZKLFK� WKH
IXQFWLRQDO�FRUUHVSRQGHQFHV�EHWZHHQ�VHTXHQFHV�RI�DWRPLF
GDWDEDVH� HYHQWV� DQG� KLJKHU�OHYHO� EXVLQHVV� HYHQWV� DUH
VHPL�DXWRPDWLFDOO\�DFTXLUHG�E\�RXU�V\VWHP��7KH�UHVXOWV�RI
WKLV�OHDUQLQJ�SURFHVV�DUH�WKHQ�FRPSLOHG�LQWR�D�VHW�RI�SUR�
GXFWLRQ� UXOHV�� $W� UXQ�WLPH� WKH� SURGXFWLRQ� UXOHV� DUH� GH�
ILQHG� LQ� DQ� LQIHUHQFH� HQJLQH� WKDW� FDQ� KDQGOH� LQWHUOHDYHG
EXVLQHVV� RSHUDWLRQV� FRPPRQO\� DULVLQJ� LQ�PXOWL�XVHU� V\V�
WHPV��FI��6HFWLRQ����

��7KH�/HDUQLQJ�3URFHVV
)RU�HDFK�OHJDF\�LQIRUPDWLRQ�V\VWHP��WKH�OHDUQLQJ�SURFHVV
DLPV� DW� ILQGLQJ� K\SRWKHWLFDO� UXOHV� FRUUHFWO\� UHSUHVHQWLQJ
FRUUHVSRQGHQFHV� EHWZHHQ� EXVLQHVV� HYHQWV� DQG� VHTXHQFHV
RI�GDWDEDVH� HYHQWV�� ,W� VKRXOG�EH� VWUHVVHG� WKDW� WKH� OHDUQHU
LV�QRW�UHTXLUHG�WR�ILQG�WKH�EXVLQHVV�HYHQWV¶�H[DFW�VSHFLIL�
FDWLRQV�� ,Q� IDFW�� WKH� OHDUQHU� VKRXOG� ILQG� WKH�PRVW�JHQHUDO
UXOHV� FRUUHFWO\� LGHQWLI\LQJ� WKH� UHVSHFWLYH� WDUJHW� EXVLQHVV
HYHQW� DPRQJ� DOO� WKH� RWKHU� UHOHYDQW� EXVLQHVV� HYHQWV� WKDW
QHHG� WR� EH� UHFRYHUHG�� )RU� WKLV� SXUSRVH� ZH� XVH� )2,/
>4XLQODQ�	�&DPHURQ�-RQHV�� ����@�� D� OHDUQLQJ� DOJRULWKP
ZKLFK�� SURYLGHG�ZLWK� VXIILFLHQW� WUDLQLQJ� GDWD�� FRQVWUXFWV
ORJLF� SURJUDPV� WKDW� FRQVWLWXWH� WKH� LQWHQVLRQDO� GHILQLWLRQV
RI�WDUJHW�UHODWLRQV�UHSUHVHQWLQJ�EXVLQHVV�HYHQWV�
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)RU� H[DPSOH�� OHDUQLQJ� WKH� GHILQLWLRQ� RI� WKH� UHODWLRQ� DGG�
FXVWRPHU��� UHSUHVHQWLQJ� D� FRUUHVSRQGLQJ� EXVLQHVV� HYHQW
LQ� D� &RPSXWHU� $LGHG� 6HOOLQJ� V\VWHP� PLJKW� SURGXFH� WKH
IROORZLQJ�UXOH�

DGG�FXVWRPHU�FLG��QDPH��DJH��VWUHHW��FLW\��]LS����
LQVHUW�SHUVRQ�FLG��QDPH��DJH��
LQVHUW�DGGUHVV�DLG��FLG��VWUHHW��FLW\��]LS��

,Q� RXU� DSSURDFK�� H[DPSOHV� DUH� SDLUV� FRQVLVWLQJ� RI� D
KLJK�OHYHO�SUHGLFDWH�GHQRWLQJ� WKH�SDUHPHWHUL]HG�EXVLQHVV
HYHQW� DQG� D� VHW� RI� ORZ�OHYHO� SUHGLFDWHV� FRUUHVSRQGLQJ� WR
GDWDEDVH�HYHQWV��,Q�RUGHU�WR�DFTXLUH�WKH�QHFHVVDU\�WUDLQLQJ
GDWD� WKH� KXPDQ� WUDLQHU� SHUIRUPV� VDPSOH� EXVLQHVV� RSHUD�
WLRQV�XVLQJ� WKH� LQIRUPDWLRQ� V\VWHP¶V� VWDQGDUG�XVHU� LQWHU�
IDFH� DQG�� VLPXOWDQHRXVO\�� SURYLGHV� WKH� FRUUHVSRQGLQJ
KLJK�OHYHO� SUHGLFDWHV� WKDW� GHVFULEH� WKH� EXVLQHVV� HYHQWV
VLJQDOOLQJ� WKH� VXFFHVVIXO� SURFHVVLQJ� RI� WKHVH� EXVLQHVV
RSHUDWLRQV�� ,Q� RXU� SUHYLRXV� H[DPSOH�� WKH� WUDLQHU� VWDUWV� D
OHDUQLQJ�F\FOH�E\�LQGLFDWLQJ�WR�WKH�V\VWHP�WKDW�D�VHTXHQFH
RI� GDWDEDVH� HYHQWV� FRUUHVSRQGLQJ� WR� WKH� FUHDWLRQ� RI� D
FXVWRPHU�ZLOO�RFFXU�QH[W�LQ�WKH�GDWDEDVH�V\VWHP��7KHQ��KH
FUHDWHV�D�QHZ�VDPSOH� FXVWRPHU��)LQDOO\�� WKH� WUDLQHU� LQGL�
FDWHV� WKH�FRPSOHWLRQ�RI� WKH� F\FOH� WR� WKH� OHDUQLQJ�PHFKD�
QLVP��7R�VXP�XS�� WKH�ZKROH� OHDUQLQJ�SURFHVV�FRQVLVWV�RI
���� WKH� DFTXLVLWLRQ� RI� WUDLQLQJ� GDWD� IRU� DOO� UHOHYDQW� EXVL�
QHVV� HYHQWV�� DQG� ���� WKH� LQGXFWLRQ� RI� D� VHW� RI� ORJLF� SUR�
JUDPV��RQH�SHU�WDUJHW�EXVLQHVV�HYHQW�
6LQFH�)2,/�GRHV�QRW�VFDOH�ZHOO�ZLWK�UHJDUG�WR�WKH�DULW\

RI� WKH� EDFNJURXQG� UHODWLRQV� >&RKHQ�� ����@� WKH� OHDUQLQJ
SUREOHP� PXVW� EH� PLQLPL]HG� E\� DSSO\LQJ� D� QXPEHU� RI
KHXULVWLF�ILOWHUV�GXULQJ�WKH�SUREOHP�IRUPXODWLRQ�VWHS��)RU
H[DPSOH�� LQYDULDEOH� EDVH� UHODWLRQ� FROXPQV� DUH� XVXDOO\
LUUHOHYDQW�DQG�FDQ�LQ�PRVW�FDVHV�EH�GLVFDUGHG��,Q�SUHOLPL�
QDU\�SUDFWLFDO�WHVWV�ZLWK�6$3�5���ZH�IRXQG�RXW�WKDW�)2,/
ZDV�QRW�DEOH�WR�VROYH�D�OHDUQLQJ�SUREOHP�ZLWK�EDFNJURXQG
UHODWLRQV� KDYLQJ� DULWLHV� RI� XS� WR� ���� LQ� ��� KRXUV�� $IWHU
IRUPXODWLQJ�D�PLQLPL]HG�HTXLYDOHQW�SUREOHP�DV�GHVFULEHG
DERYH�)2,/�IRXQG�D�FRUUHFW�UXOH�GHILQLWLRQ�LQ�OHVV�WKDQ���
VHFRQGV�

� ,QIHULQJ�%XVLQHVV�(YHQWV�E\�3URGXF�
WLRQ�5XOHV

,Q� DQ� RSHUDWLQJ� LQIRUPDWLRQ� V\VWHP� WKH� REVHUYDWLRQ� RI
GDWDEDVH� HYHQWV� GRHV� QRW� JHQHUDOO\� \LHOG� ZHOO�VRUWHG� VH�
TXHQFHV�RI�GDWDEDVH�RSHUDWLRQV�WKDW�FOHDUO\�FRUUHVSRQG�WR
EXVLQHVV�RSHUDWLRQV��'XH� WR�PXOWL�XVHU� LQWHUDFWLRQV� WKHVH
VHTXHQFHV� PD\� EH� LQWHUOHDYHG� DQG� WKHLU� EHJLQQLQJV� DQG
HQGLQJV�DUH�FRPPRQO\�XQPDUNHG�
,Q�RUGHU�WR�XQWDQJOH�WKHVH�VHTXHQFHV�RI�GDWDEDVH�HYHQWV

WKH�SUHGLFDWHV�OHDUQHG�GXULQJ�WKH�OHDUQLQJ�SKDVH�DUH�FRP�
SLOHG�LQWR�D�VHW�RI�&/,36�SURGXFWLRQ�UXOHV��ZKLFK�DUH�WKHQ
GHILQHG� LQ� WKH� IRUZDUG�FKDLQLQJ� LQIHUHQFH� V\VWHP� -HVV
>)ULHGPDQ�+LOO������@��$W�UXQWLPH��IDFWV�FRUUHVSRQGLQJ�WR
WKH�REVHUYHG�GDWDEDVH�HYHQWV�DUH�DVVHUWHG�LQ�WKH�LQIHUHQFH
V\VWHP�� 7KLV� ZLOO� HYHQWXDOO\� WULJJHU� SUHYLRXVO\� OHDUQHG

UXOHV� DQG�� WKXV�� LQIHU� DVVHUWLRQV� FRUUHVSRQGLQJ� WR� WKH
EXVLQHVV�HYHQWV�

��5HODWHG�:RUN
2XU�ZRUN�EXLOGV�RQ�DSSURDFKHV�IURP�WKH�ILHOGV�RI�FRP�

SXWHU� VXSSRUWHG� FRRSHUDWLYH� ZRUN� �&6&:��� GDWDEDVH
WHFKQRORJ\� DQG� OHDUQLQJ� WKHRU\�� � :H� PD\� WKXV� FODVVLI\
UHODWHG�ZRUN�DFFRUGLQJO\�

����&6&:
1RWLILFDWLRQ�PHFKDQLVPV�IRU�FRPSOH[�HYHQWV�DUH�ZLGHO\

XVHG�IRU�PRQLWRULQJ�ZHE�VLWHV�>3DQQX�	�6\FDUD������@��RU
PRGHUQ� JURXSZDUH� WHFKQRORJ\� >3DWWHUVRQ� HW� DO��� ����@�
7KH\�FRQWULEXWH�WR�VXFK�GLYHUVH�ILHOGV�DV�FRQFXUUHQW�HQJL�
QHHULQJ� DQG� UHVXOW� VKDULQJ� RI� PXOW�DJHQW� V\VWHPV
>%HUQGWVVRQ�HW�DO�������@��1HYHUWKHOHVV��WKLV�NLQG�RI�WHFK�
QRORJ\� LV�KDUGO\�HYHU�PHQWLRQHG�ZLWK� UHJDUG� WR� WKH� LQWH�
JUDWLRQ� RI� ROG�IDVKLRQHG� OHJDF\� DSSOLFDWLRQV�� 7KLV� PD\
WXUQ�RXW� WR�EH� D� ODUJH�GUDZEDFN�� LQ�SDUWLFXODU� IRU� LQWHOOL�
JHQW�ZRUNIORZ�PDQDJHPHQW�V\VWHPV��EHFDXVH�WKH�VXSSRUW
RI� WKHVH� �RIWHQ�� PLVVLRQ�FULWLFDO� DSSOLFDWLRQV� PD\� GHWHU�
PLQH�WKHLU�EUHDNWKURXJK�WR�D�YHU\�ODUJH�H[WHQW�
7KLV� QHJOLJHQFH� PD\� EH� VXUSULVLQJ�� EHFDXVH� DV� IDU� DV

FRPPRQ�PRGHOLQJ�PHWKRGRORJLHV�DUH�FRQFHUQHG� WKH�KHW�
HURJHQLW\� RI� FRPPRQ� LQIRUPDWLRQ� WHFKQRORJ\� HQYLURQ�
PHQWV� KDYH� EHHQ� WUHDWHG� E\� ZHOO�NQRZQ� PRGHOLQJ� DS�
SURDFKHV�>.ULVKQDNXPDU�	�6KHWK������@��+RZHYHU��WKHVH
PRGHOLQJ�DSSURDFKHV�W\SLFDOO\�VWDUW�DW�D� OHYHO�RI�GHVFULS�
WLRQ� WKDW� OLHV� EH\RQG� WKH� RQH� DYDLODEOH� LQ� ROG�IDVKLRQHG
LQIRUPDWLRQ�V\VWHPV��+HUH��RXU�DSSURDFK�FRYHUV�D�VLJQLIL�
FDQW� SDUW� RI� WKH� JDS� DQG�PHGLDWHV� EHWZHHQ� WKH� LQIRUPD�
WLRQ� V\VWHP� ZLWK� LWV� ORZ� OHYHO� GDWDEDVH� HYHQWV� DQG� WKH
KLJK�OHYHO� GHVFULSWLRQ� RI� EXVLQHVV� RSHUDWLRQV� FRQVLGHUHG
LQ�WKH�ZRUNIORZ�PDQDJHPHQW�V\VWHP�

����'DWDEDVH�7HFKQRORJ\
:LWK� UHJDUG� WR� GDWDEDVH� WHFKQRORJ\�� RXU� DSSURDFK

URXJKO\� FRPSDUHV� WR� WKH� SUREOHP� RI� PRQLWRULQJ� PDWHUL�
DOL]HG�YLHZV�RYHU�WLPH��'DWDEDVH�PRQLWRULQJ�LV�QRW�D�QHZ
SUREOHP�� 6HYHUDO� DSSURDFKHV� H[LVW�� VXFK� DV� SROOLQJ� E\
FOLHQWV�� DFWLYH� GDWDEDVH� WHFKQRORJ\�� RU� GLVWULEXWHG� SUR�
JUDPPLQJ� ODQJXDJHV�� ³+RZHYHU�� WKH� TXHVWLRQ� KRZ� WR
FRPSXWH�WKH�QHFHVVDU\�FKDQJHV�LV�QRW��DQVZHUHG�E\�WKHVH
EDVH� WHFKQRORJLHV� LI� WKH� YLHZ� GHILQLWLRQ� LV� UHDVRQDEO\
FRPSOH[�RU�LI�YLHZV�DUH�GHILQHG�RQ�WRS�RI�HDFK�RWKHU��7KH
FRUUHVSRQGLQJ� WULJJHU� SURJUDPV� EHFRPH� VR� FRPSOH[� WKDW
LW� LV� QRW� FRQFHLYDEOH� WKH\� FRXOG� EH�ZULWWHQ� E\� FOLHQW� GH�
YHORSHUV�´
7KLV� FLWDWLRQ� IURP� 6WDXGW� 	� -DUNH� >����@� PDNHV� FOHDU

ZK\�FRPPRQ�GDWDEDVH�PRQLWRULQJ�WHFKQLTXHV�PD\�QRW�EH
DSSOLHG� WR�RXU�QRWLILFDWLRQ�SUREOHP��:KLOH�QHZ�PRQLWRU�
LQJ�PHWKRGV� VXFK�DV�SURSRVHG�E\�6WDXGW�	� -DUNH� >����@
PD\�DOOHYLDWH� WKH�PRQLWRULQJ�SUREOHP� LQ�JHQHUDO�� IRU� WKH
SXUSRVH� RI� RXU� QRWLILFDWLRQ� SUREOHP� RQH� ZRXOG� KDYH� WR
PDNH� D� UDWKHU� LQDSSURSULDWH� DVVXPSWLRQ�� QDPHO\� WKDW� WKH
H[DFW� YLHZ�RQH�ZDQWV� WR�PRQLWRU� LV� NQRZQ� WR� WKH� GHYHO�



RSHU�RI� WKH�QRWLILFDWLRQ� V\VWHP��:KLOH� WKLV�PD\�DSSO\� WR
SDUWLFXODU�SUREOHP�VHWWLQJV�� LW�GRHV�QRW�KROG� LQ�JHQHUDO�±
DQG�LW�LV�QRW�UHTXLUHG�E\�RXU�DSSURDFK�

����0DFKLQH�/HDUQLQJ
2XU� DSSURDFK� EXLOGV� RQ� LQGXFWLRQ� RI� ORJLF� SUHGLFDWHV

DQG�ORJLF�YLHZV�WKH�PHWKRGRORJ\�IRU�ZKLFK� LV�SUHVHQWHG�
E\�4XLQODQ�	�&DPHURQ�-RQHV� >����@�DQG�&RKHQ� >����@�
UHVSHFWLYHO\��7R� WKH�EHVW� RI� RXU� NQRZOHGJH� QR� FRPSDUD�
EOH�DSSURDFK�KDV�EHHQ�HVWDEOLVKHG�IRU�OHDUQLQJ�IURP�SURF�
HVVHV�

� &RQFOXVLRQ�DQG�)XWXUH�:RUN
,Q� JHQHUDO�� OHDUQLQJ� DSSURDFKHV� FDQQRW� EH� H[SHFWHG� WR

JXDUDQWHH������SUHFLVLRQ�DQG�UHFDOO��+HUH��RXU�DSSURDFK
FOHDUO\� PHHWV� LWV� LQKHUHQW� OLPLWV� IRU� VRPH� DSSOLFDWLRQV�
+RZHYHU�� IRU� PDQ\� DSSOLFDWLRQV�� H�J��� IRU� PDLQWDLQLQJ
FXVWRPHU� DGGUHVVHV� LQ� D� ODQGVFDSH� RI� GLIIHUHQW� LQIRUPD�
WLRQ� V\VWHPV�� � D� ZHOO�WHVWHG� � VROXWLRQ� WKDW� KDV� EHHQ
OHDUQHG�DXWRPDWLFDOO\�DQG��KHQFH�� LV�FKHDS��HDV\�DQG�IDVW
WR� LPSOHPHQW� LV� KLJKO\� IDYRUDEOH� RYHU� V\VWHPV� WKDW� UH�
TXLUH� WR� PDLQWDLQ� FRQVLVWHQF\� E\� KDQG� ±� DQG� WKXV� PD\
HDVLO\� IDOO� SUH\� WR� H[DFWO\� WKH� VDPH� SUREOHP� RI� FRUUHFW�
QHVV��EXW�ZLWK�ODUJHU�FRVWV�IRU�UHDOL]DWLRQ�
$W�WKH�PRPHQW��ZH�DUH�GHYHORSLQJ�DQ�H[SHULPHQWDO�VHW�

WLQJ�WKDW�ZLOO�DOORZ�XV�WR�GHWHUPLQH�WKH�RYHUDOO�HIILFDF\�RI
RXU�DSSURDFK��DV�ZHOO�DV�SUHFLVH�IDFWRUV�IRU�SUHFLVLRQ�DQG
UHFDOO��7KH� UHVXOWV�JDLQHG� IURP� WKLV� H[SHULPHQW�ZLOO� WKHQ
DOORZ� XV� WR� HVWLPDWH� WKH� VXLWDELOLW\� RI� RXU� QRWLILFDWLRQ
PHFKDQLVP�IRU�SDUWLFXODU�V\VWHPV�

)RU� WKH� IXWXUH� ZH� WKLQN� RI� WZR� H[WHQVLRQV� IRU� RXU� DS�
SURDFK��)LUVW��RQH�PD\�SXUVXH�WKH�OHDUQLQJ�RI�DQ� LQWHJUD�
WLRQ�EH\RQG�WKH�QRWLILFDWLRQ�SUREOHP�WUHDWHG�LQ�WKLV�SDSHU
�FI�� )LJXUH� ���� 7KH� LGHD� LV� WR� LQFOXGH� D� FRUUHVSRQGLQJ
OHDUQLQJ�SKDVH�IRU��DQRWKHU�LQIRUPDWLRQ�V\VWHP�%�±�ZKLFK
WKHQ� UHIOHFWV� WKH� FKDQJHV� FDXVHG� E\� � LQIRUPDWLRQ� V\VWHP
$�� 7KXV�� WKH� ROG�IDVKLRQHG� OHJDF\� LQIRUPDWLRQ� V\VWHP
FRXOG�QRW�RQO\�WDNH�HIIHFW�RQ�WKH�ZRUNIORZ��EXW�DOVR�YLFH
YHUVD�
6HFRQG��WKH�OHDUQLQJ�HQYLURQPHQW�DQG�SDUDPHWHUV�FRXOG

EH� VWRUHG� IRU� HDV\� DGDSWDWLRQ� WR�PRGLILFDWLRQV� RI� WKH� LQ�
IRUPDWLRQ� V\VWHP�� 8SGDWHV� WR� WKH� VWUXFWXUH� RI� WKH� LQIRU�
PDWLRQ�V\VWHP��VXFK�DV�PLJKW�KDYH�DSSHDUHG�GXH�WR�<�.
SUREOHPV� RU� GXH� WR� WKH� LQWURGXFWLRQ� RI� WKH� (XUR�� PLJKW
DIIHFW�WKH�GHILQLWLRQ�RI�WKH�QRWLILFDWLRQ�WULJJHUV��:KHQ�WKH
OHDUQLQJ� HQYLURQPHQW� VDYHV� DOO� LWV� SDUDPHWHUV� IRU� ODWHU
UHXVH��WKH�DGDSWDWLRQ�WR�VXFK�PRGLILFDWLRQV�PLJKW�EH�SHU�
IRUPHG�DOPRVW�DXWRPDWLFDOO\�LQ�D�UHQHZHG�OHDUQLQJ�SKDVH�
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